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Introduction
In RAN1#110 the evaluation methodology of SL positioning was discussed with agreements achieved as below: [1]:
Agreement
For SL positioning evaluation in IIOT use case, companies should report how to drop anchor UEs and how to select anchor UEs

Agreement
Adopt the tables in section 3 of R1-2207606 as templates to collect SL positioning simulation results from each company.

Agreement
· In the evaluation, relative positioning or ranging is performed between two UEs within X m, where X value(s) are reported by companies, and companies should also report the minimum distance used in the evaluations for each use case. The assumption used for X will be included in the TR for each set of results.

Agreement
For SL positioning evaluation purpose, the following assumptions are further adopted
· Companies should report whether SL-PRS and other SL signals are FDMed or not FDMed, and whether other SL signals are present
· Adopting system level simulations (rather than the link level simulations) as the baseline tool 
· For SL positioning evaluation in highway scenario or urban grid scenario, the performance metrics can include absolute horizontal accuracy, relative horizontal accuracy, ranging with distance accuracy, and ranging with direction accuracy (optionally). 
· In highway and urban grid scenarios, companies can further consider other UE types, e.g. pedestrian UE or VRU devices.

In this paper we provide our evaluation results.
Simulation results
In line with the evaluation methodology agreed in previous meetings the performance of TDOA based absolute positioning are evaluated in highway, urban and IIoT scenarios. In the TDOA method evaluation, only RSUs are used as anchor nodes assuming all of them are perfectly synchronized. The evaluation results are shown in Figure 1~3 and summarized in corresponding tables respectively.

Table 1 Common assumption for all scenarios if they are different from or not specified in Agreements
	Parameter
	Value

	Carrier frequency
	6GHz

	Subcarrier spacing
	30kHz

	Reference Signal Transmission Bandwidth
	20/40/100MHz

	Reference Signal Physical Structure and Resource Allocation (RE pattern)
	Comb-2, fully staggered

	Reference signal including PRS, SRS and SL-PRS
(type of sequence, number of ports, …)
	Gold Sequence, 1 port

	Number of symbols used per occasion
	2

	number of occasions used per positioning estimate
	1

	Power-boosting level
	No boosting

	Uplink power control (applied/not applied)
	Not applied

	interference modelling (ideal muting, or other)
	Not modelled

	Description of Measurement Algorithm (e.g. super resolution, interference cancellation, ….)
	Max likelihood

	Description of positioning technique / applied positioning algorithm (e.g. Least square, Taylor series, etc)
	CHAN

	Synchronization assumptions
	Perfect

	UE/gNB RX and TX timing error assumption
	N/A

	Precoding assumptions (codebook, nr of antenna elements used, etc)
	N/A

	Additional notes, if any
	N/A



2.1 Highway
In this section we provide evaluation assumptions and evaluation results for Highway scenario.

Table 2.1-1 Assumptions for highway if they are different from or not specified in Agreements 
	Parameters
	Case 1
	Case 2
	Case 3

	UE Antenna model
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU

	BS/RSU deployment for absolute positioning
	uniformly located with 200m spacing on both sides of highway symmetrically
	uniformly located with 200m spacing on both sides of highway symmetrically
	uniformly located with 200m spacing on both sides of highway symmetrically

	Bandwidth
	20MHz
	40MHz
	100MHz

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	NA
	NA
	NA

	Positioning method
	TDOA
	TDOA
	TDOA
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Figure 1 CDF of TDOA based absolute positioning errors (Highway)

Table 2.1-2 Simulation results for highway for absolute positioning - horizontal accuracy
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, 20MHz, TDOA, absolute positioning
	1.76m
	2.12m
	3.12m
	4.99m
	No
	No

	Case #2, 40MHz, TDOA, absolute positioning
	0.74m
	1.24m
	1.85m
	2.29m
	NO
	NO

	Case #3, 100MHz, TDOA, absolute positioning
	0.31m
	0.52m
	0.75m
	1.1m
	Yes
	NO



2.2 Urban
In this section we provide evaluation assumptions and evaluation results for Urban scenario.

Table 2.2-1 Assumptions for urban if they are different from or not specified in Agreements 
	Parameters
	Case 1
	Case 2
	Case 3

	UE Antenna model
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU

	BS/RSU deployment for absolute positioning
	Located at intersection
	Located at intersection
	Located at intersection

	Bandwidth
	20MHz
	40MHz
	100MHz

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	NA
	NA
	NA

	Positioning method
	TDOA
	TDOA
	TDOA
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Figure 2 CDF of TDOA based absolute positioning errors (Urban)

Table 2.2-2 Simulation results for urban for absolute positioning - horizontal accuracy
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, 20MHz, TDOA, absolute positioning
	4.56m
	5.61m
	8.99m
	13.59m
	NO
	NO

	Case #2, 40MHz, TDOA, absolute positioning
	3.55m
	5.05m
	6.05m
	9.05m
	NO
	NO

	Case #3, 100MHz, TDOA, absolute positioning
	2.56m
	3.99m
	4.93m
	5.66m
	NO
	NO



2.2 IIoT
In this section we provide evaluation assumptions and evaluation results for IIoT scenario.

Table 2.3-1 Assumptions for IIoT if they are different from or not specified in Agreements 
	Parameters
	Case 1
	Case 2
	Case 3

	UE Antenna model
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)
	(1, 2, 2, 1, 1)

	TRP antenna model
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU
	(1, 2, 2, 1, 1) for RSU

	BS/RSU deployment for absolute positioning
	TRPs in InF-SH defined in TR 38.857 is replaced with anchor UEs
	TRPs in InF-SH defined in TR 38.857 is replaced with anchor UEs
	TRPs in  InF-SH defined in TR 38.857 is replaced with anchor UEs

	Bandwidth
	20MHz
	40MHz
	100MHz

	Selected values of X (relative positioning or ranging is performed between two UEs within X m)
	NA
	NA
	NA

	Positioning method
	TDOA
	TDOA
	TDOA
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Figure 3 CDF of TDOA based absolute positioning errors (IIoT)

Table 2.3-2 Simulation results for IIoT for absolute positioning - horizontal accuracy
	Case ID and brief description 
	50%
	67%
	80%
	90%
	Whether meet the requirement of set A
	Whether meet the requirement of set B

	Case #1, 20MHz, TDOA, absolute positioning
	0.98m
	1.33m
	2.05m
	3.49m
	NO
	NO

	Case #2, 40MHz, TDOA, absolute positioning
	0.48m
	0.66m
	0.99m
	1.56m
	NO
	NO

	Case #3, 100MHz, TDOA, absolute positioning
	0.23m
	0.33m
	0.50m
	0.87m
	Yes
	NO



From the evaluation results it can be seen that, in highway scenario, the Set-A horizontal accuracy requirement for absolute positioning (1.5 m for 90% of UEs) can be satisfied with 100MHz SL PRS bandwidth, but Set-B requirements (0.5 m for 90% of UEs) cannot be satisfied.; In urban scenario, due to the lack of LOS signal, both Set-A and Set-B accuracy requirements for absolute positioning cannot be satisfied.  In IIoT scenario, the Set-A requirement for absolute positioning (1 m for 90% of UEs) can be satisfied with 100MHz SL PRS bandwidth, but Set-B requirements (0.2 m for 90% of UEs) cannot be satisfied. 
Observation 1:  
· In Highway scenario, Set-A horizontal accuracy requirement for absolute positioning can be satisfied with 100 MHz SL PRS bandwidth, but cannot be satisfied with smaller bandwidth, Set-B requirement cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
· In urban scenario, both Set-A and Set-B horizontal accuracy requirement for absolute positioning cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
· In IIoT scenario, Set-A horizontal accuracy requirement for absolute positioning can be satisfied with 100 MHz SL PRS bandwidth, but cannot be satisfied with smaller bandwidth, Set-B requirement cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
Conclusion
In this contribution, we provided our evaluation results for Highway, Urban and IIoT scenarios, we have following observation:
Observation 1:  
· In Highway scenario, Set-A horizontal accuracy requirement for absolute positioning can be satisfied with 100 MHz SL PRS bandwidth, but cannot be satisfied with smaller bandwidth, Set-B requirement cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
· In urban scenario, both Set-A and Set-B horizontal accuracy requirement for absolute positioning cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
· In IIoT scenario, Set-A horizontal accuracy requirement for absolute positioning can be satisfied with 100 MHz SL PRS bandwidth, but cannot be satisfied with smaller bandwidth, Set-B requirement cannot be satisfied with 100 MHz or smaller SL PRS bandwidth;
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